Introduction
When it comes to achieving goals of equitable access to higher education, public universities face a challenging policy environment. Public universities are increasingly constrained by constitutional limits on the use of race in admissions. For over a decade, the Supreme Court has chipped away at affirmative action practices in public university admissions (Hopwood v. Texas, 1996; Gratz v. Bollinger, 2002; Grutter v. Bollinger, 2003) . In some states, voters have outlawed affirmative action through ballot initiatives. At the same time, efforts to promote diversity are overshadowed by calls for greater efficiency in higher education, such as policies linking state funding to undergraduate graduation rates. Thus, public universities are simultaneously losing both the incentive and the tools to promote diversity goals.
Most recently, the Supreme Court upheld in Fisher v. University of Texas (2014) an appeals court ruling that public universities must demonstrate that there are no "workable solutions" not based on race before using race-based admissions strategies to promote diversity.
Affirmative action policies empowered admissions staff to apply different standards to students from different racial and ethnic backgrounds, and the elimination of these strategies means that similar standards must be applied to all students. Long (forthcoming) demonstrates that suitable replacements for affirmative action are both complex to implement and unlikely to achieve the same level of diversity as race-conscious strategies. Instead, many states have transitioned from holistic admissions to objective standards that guarantee admissions to students who meet minimum criteria for measures of college readiness. As a first step to understanding the implications of these changes, this paper examines the relationship between common measures of college readiness and student performance in college. From there, we address the efficacy of 4 automatic admissions policies that apply the same standards for observable college readiness across race and ethnicity.
Estimating the relationship between college readiness and college performance is challenging because we only observe prior college outcomes for students who were admitted and ultimately enroll. Although past studies have identified a relationship between observable college readiness and college performance (Betts and Morell, 1999; Cohn et al., 2004; Long, Iatarola and Conger, 2009; Cyrenne and Chan, 2012; Bettinger, Evans, and Pope, 2014; Black, Lincove, Cullinane, and Veron, 2014) , there is evidence that much of this relationship is related to high school and college sorting rather than underlying student ability (Rothstein, forthcoming) . We address this challenge by exploiting Texas's automatic admission policy, which admits students based solely on graduating in the top 10% of their high school class. Using a large and diverse sample of college students from Texas, we estimate the relationship between observable college readiness measures and college outcomes. To control for selection into admissions, we limit our sample to those who were automatically admitted based on class rank alone. This subsample has the unique advantage of having both observable college outcomes at selective universities and college readiness measures (such as SAT/ACT scores) that are unrelated to college admissions.
And due to the percent plan, these students also come from a more diverse set of high schools than typically observed among students at selective universities. To control for selection into college campuses, we instrument for campus choice using distance to college, which should be associated with enrollment choices but not student ability (Rothstein, 2004 ). Thus, we are able to overcome multiple levels of selection bias that have plagued prior studies.
This paper makes several contributions to the literature on the determinants of college success and college admissions policy. First, unlike prior studies, we are able to explicitly 5 control for multiple levels of selection into college while estimating the effects of college entrance exams (SAT/ACTs), high school exit exams, and advanced high school coursework on college performance. Second, we use a data set that is not limited to a single college campus and provides significantly more diversity in college readiness measures, individual demographics,
and high school quality than many prior studies of college admissions criteria. Third, we compare the effects of multiple college readiness measures that are available to admissions officers. Finally, we exploit Texas's simple percent plan to simulate the effects of additional admissions criteria on both efficiency (average college outcomes) and equity (racial/ethnic and socioeconomic (SES) make-up of college students).
Our results suggest that both college entrance and high school exit exams are significant predictors of college performance for students in the top decile of high school graduates. We estimate that adding a minimum SAT/ACT or exit exam score to automatic admissions criteria could increase average freshman GPA by up to 6.3 percent and 4-year graduation rates by up to 5.9 points. However, adding these new admission criteria also severely reduces both minority and low-income representation in our analysis, eliminating automatic admissions eligibility for 69 percent of Hispanics, 73 percent of blacks, and 62 percent of low-SES students who were admitted based on class rank alone. At state flagship universities, we estimate average GPA could increase by up to 6.9 percent, but the graduation rate would increase only up to 3.5 points,
with similar large, negative effects on access for minority and low-SES students.
Policy Context for Public University Admissions
Until the mid-1990s, the use of affirmative action was common in both public and private universities as a strategy to promote diversity. The U.S. Supreme Court ruled in Regents of University of California v. Bakke (1978) that states had a compelling interest to increase 6 diversity in higher education, which could be addressed through differential admissions standards for different races at public universities. 2 A typical affirmative action admission policy applied different standards for GPA, SAT, and course completion to historically underrepresented racial and ethnic groups relative to whites. This is partially based on the assumption that minorities have less access to high quality high schools; as a result, a minority student might appear less qualified than an equally qualified white student across any measures that are associated with high school quality. and public universities struggling to address diversity and college access within the new legal framework. A central concern was eliminating the perception that different standards were being applied to different students. One policy response was to replace subjective assessment of applicants with uniformly applied standards. Many states developed automatic policies where students who met predetermined criteria -for example minimum SAT scores, GPAs, or advanced coursework requirements -are guaranteed admissions to public universities. These policies add transparency to previously subjective admissions processes. However, to the extent that college readiness is associated with race, ethnicity, or SES through high school quality, automatic admissions policies may be particularly harmful to goals of equity and access. States that eliminated affirmative action saw rapid declines in minority enrollment at elite state universities (Card and Krueger, 2005) .
To mitigate the effects of objective criteria on underrepresented minorities, Texas implemented automatic admission to all state universities (including the two flagship campuses at UT Austin and Texas A&M University at College Station) based on a single criteriongraduating in the top 10 percent of your high school class. By design, this strategy admits students across the full range of high school quality, producing a diverse pool of admitted students without overt consideration of race or ethnicity. The important trade-off is that high performing students in the lowest quality high schools may be ill prepared for success at an elite 3 Subsequent threats to this status quo have come from the voters rather than the courts. Voters in California, Michigan, and Florida have passed initiatives banning the use of race in public universities admissions. The Supreme Court upheld the constitutionality of these bans in the 2014 case Schuette vs. Coalition to Defend Affirmative Action (2014) . In these and other states, race is not considered at all in admissions, and minority enrollment in public universities has declined (Liptak, April 22, 2014) . 8 public university. Thus the design of automatic admissions policies reflects a classic tension between equity and efficiency. While average student performance might be improved with additional criteria, each additional criterion might also limit college access among underrepresented students. Table 1 lists the states that currently offer automatic admissions to flagship campuses both with and without percent plans and any additional criteria. There are 12 states total with automatic admissions at flagships, and six of these include percent plans. Texas is the only state in the nation to admit on percent alone. Other states add factors that could limit college access among lower-resourced students and those who attend lower quality high schools.
Related Literature
This study contributes to two main strands of literature on student access and academic achievement in postsecondary education. First, given that our focus is on analyzing the efficacy and equity of several commonly cited measures of college readiness, our study adds to the growing literature on which specific student and high school attributes predict postsecondary success. 4 Second, we address the specific policy question of the efficiency and equity of the use of different criteria in college admissions, adding to the literature on the effects of college admissions policies.
Our empirical methodology draws on Rothstein (2004) , which assesses the validity of the SAT as a predictor of student success using data from the University of California system. A key advantage of the Rothstein study relative to its predecessors is that it attempts to address issues 9 of endogenous admissions and enrollment. To account for selection into admissions, Rothstein exploits the UC System's automatic admission policy that guarantees admission based on a combination of SAT scores and high school grades, thus eliminating unobservable factors used in holistic admissions (such as leadership or motivation). To control for differential selection into college campuses within the system, he uses distance to each UC campus to instrument for the college campus attended, arguing that students are more likely to attend campuses closer to home, and these choices are orthogonal to other characteristics about the student that may affect student performance in college. Rothstein finds that a substantial portion of the predictive power of the SAT is due to its correlation with high school demographic characteristics, and the components of SAT that are orthogonal to these demographic characteristics have limited predictive power on their own.
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Our work builds on this by taking advantage of the Texas percent plan to consider the efficacy of other observable college readiness measures. Texas's Top 10% Plan varies notably from California's percent plan in ways that are advantageous to overcoming selection bias.
California students are not automatically admitted to all UC campuses, and more selective campuses can apply additional criteria, including SATs. Texas's top 10% students can enroll at the public university of their choice, and the Texas percent plan is based solely on high school class rank. Automatically admitted students are required to take the SAT or ACT, but the scores do not influence admissions. As a result, we need only control for high school rank to control for selection into admission.
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Also closely related to our study is work by Bettinger, Evans, and Pope (2014) who use data from Ohio to investigate whether all ACT subtests (English, mathematics, science, and reading) provide equally useful information about future college performance. The authors find that only the English and mathematics subtests of the ACT are highly predictive of positive college outcomes, and they recommend omitting science and reading ACT scores from admissions criteria as a strategy to improve the match between students and colleges. While the authors were unable to control for selection into college, they did examine the predictive ability of ACT scores for college GPA on a much broader sample of students than single-university studies. Our study extends this line of research along a number of dimensions. We compare the efficacy of multiple measures of college readiness, selecting measures from different sources rather than different components of a single test. We also include efforts to control for selection into college, and we consider the compositional effects of changes in admissions criteria, as well as student outcomes. 7 family background, and characteristics of the high school neighborhood are all significantly linked to college GPA. They also find that teacher experience has a significant and positive relationship with college GPA; however, other high school characteristics such as pupil-teacher ratio and level of teacher education are not associated with college performance. A limitation of this study is that the authors are not able to fully address the non-random selection of students who are admitted and ultimately enroll in the university. Controlling for observed characteristics is unlikely to sufficiently account for this non-random selection of students. It is therefore difficult to draw inference from their results. Our study attempts to tackle these key empirical issues by taking advantage of Texas's automatic admissions policy to better control for multiple levels of selection in college admissions. 7 Our study also adds to the literature concerning changes in college admission policies and the potential distributional effects on student body composition of postsecondary institutions. The majority of the research conducted thus far has been on analyzing the elimination of race-based admissions policies (Bowen and Bok, 1998; Arcidiacono, 2005; Card and Krueger, 2005; Dickson, 2006; Howell, 2010) and the implementation of rank-based policies (e.g., top x% from each graduating high school class) on enrollment and college performance for minority students (Tienda et al., 2003; Niu, Tienda, and Cortes 2006; Cortes, 2010; Long 2004a Long , 2004b , and to a lesser extent, policies that replace race-based admissions with family-income based policies (Cancian, 1998) or other observables (Long, forthcoming) . No prior studies have analyzed how using various measures of college readiness in admission policies can potentially have problematic distributional consequences on class composition at U.S. colleges and universities.
Empirical Strategy
A university admissions office wants to select students to maximize the probability of college success. To do so, admissions officers often use the observable characteristics of current students to predict the success of future students. We approximate this by estimating the following regression specification:
( A limitation of any study of college performance is that we only observe outcomes for students who were admitted and then enrolled at a selective public university -a potentially select group of the pool of applicants. To the extent that selection is not based entirely on observable characteristics, and there remains a residual relationship between college admission, college enrollment, and campus chosen, and unobserved student characteristics, estimates of the relationship between college readiness in high school and college performance are likely to be biased. Importantly, the sign of the bias could go in either direction (See Black et al., 2014 for further discussion).
Our empirical strategy addresses two forms of selection -college admission and campus enrolled. In the case of admission, we take advantage of the automatic admissions policy in
Texas and limit our analytical sample to students who were admitted based on observable high school class rank and no additional criteria. Most importantly for our analysis, the Texas percent plan is designed so high school quality will be uncorrelated with admissions, as all public schools have top 10 percent eligible students. By analyzing only students from the top 10 percent of their graduating class, we are able to perfectly control for selection into admission to all public 13 universities that are included in the study, and our college readiness measures, , are conditionally independent at this level of selection.
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Conditional on admission, there is still selection on enrolling in college and, in the case of admission to multiple campuses, campus selection (Niu, Tienda, and Cortes, 2006; Berkowitz and Hoekstra, 2011) . 10 In our sample of top 10% students, almost all select into some form of college, but not all students choose to enroll at flagship universities. Top 10% students may enroll at the public university of their choice, and these choices are likely to be endogenous to both observed college readiness measures and unobserved ability. To address this, we apply Rothstein's (2004) empirical strategy of instrumenting for college campus attended with the geographic distance from a student's high school to each four-year public university in Texas.
While the decision to enroll in a particular campus is likely endogenous to unobserved student ability, students may be marginally more likely to attend a campus closer to home. As long as geographic distance to a campus is not related to unobserved ability, our instrument will provide exogenous variation in campus attendance.
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A key assumption implicit in equation (1) is that the effects of college readiness measures are constant across both student and high school characteristics. With respect to race, this assumption is equivalent to race-blind admissions policies. For example, race-blind admissions policies assume that SAT/ACT scores are similarly predictive of college success for minority and non-minority students. Our basic model also assumes that the estimated effects of SAT/ACTs on college outcomes are equivalent for all students. In later analysis, we relax this assumption by examining interactions of college readiness measures and students' race/ethnicity, family income, and high school characteristics -a strategy that reflects a race-conscious approach to admissions that is no longer allowed at public universities. This provides insight into whether objective application of admissions criteria will have different implications for students from different backgrounds. Following the regression analysis, we directly estimate the effects of imposing objective admissions criteria by simulating changes in enrollment patterns, graduation, and GPA if additional criteria for automatic admissions were applied in Texas, as they are in other states.
Data Sources, College Readiness Measures, and Descriptive Statistics

5.A. Data Sources
The data sources for this study were collected by the Texas Workforce Data Quality
Initiative ( selected from approximately 500,000 total graduates.
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High school measures of college readiness and eligibility for automatic admissions were obtained from high school academic records and college applications. From college enrollment records, we obtained information on campus attended, credits attempted, grades, college major, and graduation. 14 We include students who enrolled at any campus that is obligated by the Top 10% Plan. 15 Data on demographics, family background, and family income were obtained from high school enrollment records, college applications, and financial aid forms (FAFSA) that were available in the WDQI dataset.
5.B. College Readiness Measures
We focus on three commonly available college readiness indicators that reflect different perspectives on college preparation. Our first indicator is the college entrance exam, which is specifically designed to measure preparation for college. Over 98 percent of students in the 12 We expect college readiness measures observed during high school to have a stronger relationship with college performance for students who enroll directly after high school. This restriction has minimal impact on our sample; of the 490,000 high school students in our sample, only 6,000 appear at a 4-year college in the second year but not the first year following high school graduation, and among those, fewer than 200 are top 10% students. 13 The dataset identifies students who were eligible for automatic admissions through information reported by each campus to the Texas Higher Education Coordinating Board (THECB). We do not observe top 10% status for students who did not apply to at least one Texas university or community college. Based on the size of the graduation cohorts, approximately 70 percent of the full top 10% completed the application. Of these, 43 percent enrolled at one of the two flagship state universities (UT-Austin or Texas A&M University) and 29 percent at another selective Texas four-year public university. These two groups have observed college outcomes and are included in our analytic sample. Among the full top 10%, 13 percent enrolled at a non-selective, open enrollment Texas public community college or university, 8 percent at a Texas private university, and 6 percent at an out-ofstate university. Finally, 6 percent of students identified as eligible did not enroll in any college. 14 Students were not required to immediately declare a major, and majors can change during undergraduate years. We use the student's declared major at the time of enrollment as proxy for the difficulty of coursework taken during the first semester. Subsequent majors are only available conditioned on continued enrollment, so we also use initial declared major in estimations of college graduation. We include "undeclared" and eight other departmental majors. 15 Top 10% students are automatically admitted to the state's two flagship public universities (The University of Texas at Austin and Texas A&M University) and 20 additional 4-year campuses in the University of Texas System, Texas A&M System, Texas State System, University of Houston, and Texas Tech University. Students not in the top 10% must compete for admissions to these campuses through a holistic admissions process that includes a larger pool of out-of-state applicants, international students, and students attending private high schools in Texas.
subsample had an SAT or ACT composite (verbal and mathematics) score reported on their college application. We converted all ACT scores to equivalent SAT scores using the College Board's crosswalk, and standardized the composite scores around the statewide mean for Texas.
Our second measure is performance on the Texas high school exit exam, which is designed to measure mastery of the high school curriculum. All students in our graduation cohorts were required to pass the standardized Texas Assessment of Knowledge and Skills (TAKS) in four subject areas (English, mathematics, science, and social studies). To facilitate comparison with the SAT/ACT composite scores, we created a similar composite score of exit exam scores. We first summed the students' scale scores in English and math, and then converted the sum to standardized z-scores within all tested students.
Our third indicator is the number of Advanced Placement or International Baccalaureate (AP/IB) courses completed in high school, which reflects experience with college-level coursework. We measure AP/IB coursework as the total number of high school semesters completed. Completed AP/IB coursework could reflect college readiness in several ways. First, selection into AP/IB courses could reflect a teacher's assessment that a student is capable of mastering college-level material. Second, enrollment could reflect a student's own belief that she will likely attend college after high school. Completion of AP/IB coursework should reflect the ability to master college-level material. However, compared to individual test performance, AP/IB coursework is likely to be more highly correlated with high school quality, as it depends on course offerings and teacher quality. A lack of AP/IB coursework might reflect either voluntary selection into less challenging coursework or limited offerings at the high school. Compared to the full population of high school graduates in Texas, top 10% students are higher on SES indicators and have less racial and ethnic diversity. However, because of the Top 10% Plan, our sample offers a more diverse student body than most prior studies of college readiness. Our sample is 26 percent Hispanic, 6 percent black, 11 percent Asian, and 27 percent from families with income below $40,000. Also, in accordance with goals of the Top 10% Plan, high school quality variables are remarkably similar for the average graduate and the top 10% subgroup. Students in the analytic sample attended high schools with an average of 42 percent of students on free/reduced lunch, and where 33 percent of graduates enrolled in a four-year college within one year of graduation. 17 There is also a very large range in high school characteristics, with FRL rates ranging from zero to 100 percent, and college enrollment rates from zero to 89 percent. 16 Approximately 500 of 22,095 observations of top 10% students who enrolled at selective public university are not included in the analytic data set due to missing data. The analytic data set is statistically similar across all values reported in Table 1 of column (3). 17 The four-year college enrollment rate is lagged one year to reflect whether the student attended a high school with a college-going culture. Also shown in Table 2 are mean values of the college performance variables for students in the analytic sample, compared to all those who enrolled at selective public universities. 18 The average first-semester GPA for top 10% graduates 
5.C. Descriptive Statistics
Results
6.A. Basic Models
We first estimate a parsimonious Ordinary Least Squares (OLS) specification, predicting college outcomes with controls for 22 campuses attended and nine majors.
19 Table 3 reports these results for the continuous outcome of first-semester GPA (columns (1)- (3)) and the dichotomous outcome of four-year graduation (columns (4)- (6) These results suggest that admissions might perhaps lead to better college outcomes with any or all of these additional criteria. It is possible that SAT/ACTs, exit exams, and advanced coursework are redundant measures of college readiness that provide the same information. 19 The top 10% graduates in this study enrolled in 21 of the state's 22 selective public universities. Average freshman GPAs for students in the sample differ across these campuses, ranging from 2.94 to 3.60. Four-year graduation rates vary by campus from 29 percent to 62 percent. Different majors also have different norms for student performance. Average freshman GPAs in the sample vary by major from 3.06 for science and engineering majors to 3.31 for those with undeclared majors. Average graduation rates vary by major from 36 to 53 percent. Specifications without controls for major and college attended produce coefficients on college readiness indicators that are slightly lower. Results are available from authors upon request. 20 In the case of four-year graduation, we are estimating linear probability models.
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Similar to Bettinger, Evans, and Pope (2014) , for each model, we also estimated a fourth specification including all three readiness measures. All three measures were statistically significant and F-tests of equivalence suggest that each measure provides unique information about college readiness.
The OLS model controls for admission by considering only students admitted through the Top 10% Plan, but we still face selection into college attendance and campus attended that is likely correlated with college readiness. To address campus attended we employ a two-stage least squares method, where we use distance to college campuses to instrument for campus attended. In the first-stage, we estimate the probability that each student will enroll at each top Results using the instrumental variables estimation strategy are shown in Table 4 . The estimated effects of all college readiness measures are robust to campus selection with coefficients that are similar to the OLS estimation with campus fixed effects. In the instrumental variables specification, a one standard deviation increase in SAT/ACT scores is associated with 0.399 additional grade points and a 9.8-point increase in the probability of four-year graduation.
A one standard deviation increase in exit exams scores is associated with 0.315 additional grade points and a 6.2-point increase in the probability of four-year graduation. One additional AP/IB semester is associated with 0.021 additional grade points, and a 0.7-point increase in the probability of four-year graduation. These results suggest that, controlling for selection into admissions and campus attended, college readiness measures do provide additional information about the college performance. This information could be useful for improving efficiency in college admissions, but the effects on equity are unclear.
6.B. Interactions with Race, Ethnicity, and SES
College admissions strategies that are based on college readiness measures can influence equity in two distinct ways. First, these measures can be correlated with observable characteristics such as race or income, and, because of this correlation, admissions that include these criteria will favor one group over another. indicators have a clear association with demographics and high school quality even within our sample of highly-ranked high school students, and it is likely that adding admissions criteria based on these indicators will exclude more minority and low-income students than white and high-income students from automatic admissions.
In addition to the different average levels, measures of college readiness may have different relationships with college performance for subgroups of the population. For example, SAT scores might have a weaker association with college performance for students who have access to preparation courses than those who do not. If access to SAT prep differs by race or family income, SAT scores will have a different association with performance across groups.
These differences are accommodated in affirmative action programs where different standards 22 can be applied to different groups. It is unclear from the results above whether the predictive value of college readiness measures holds for underrepresented students.
We next examine whether college readiness measures have a similar predictive value for all students. Specifically, we control for race/ethnicity and family income and interact race/ethnicity and family income with the college readiness measures in our estimation of college outcomes. Table 6 reports results from the instrumental variables specification with indicators for race and ethnicity (columns (1)- (3) for GPA and columns (7)- (9) for graduation), and with interactions between race/ethnicity and college readiness measures (columns (4) to (6) for GPA and columns (10) to (12) for graduation). 21 In these estimates, race and income variables are included in both stages of the instrumental variables estimation. The estimates for all three college readiness measures are robust to the inclusion of race/ethnicity variables for both outcomes. Interestingly, the coefficients on race indicators are approximately 50 percent smaller in specifications that include SAT/ACT scores, relative to the other two measures, suggesting that college entrance exams are more correlated with race/ethnicity than other indicators. This finding reinforces prior evidence that the use of college entrance exams is problematic for an admissions process that strives to be race-neutral (see Jencks, 1998) .
When interaction terms are added, we find significant and positive point estimates for the interactions between black and SAT/ACT and black and exit exams in the estimates for GPA. As seen in column (4) of Table 6 , an additional standard deviation on the SAT/ACT is associated with 0.347 additional grade points for a white student compared to 0.499 points for a black student. An additional standard deviation on the exit exam is associated with 0.265 grade points for a white student compared to 0.461 grade points for a black student. For college graduation, the exit exam has a stronger association with graduation for black students, while advanced coursework is a weaker predictor of graduation for black students than white students.
Importantly, these associations may be related to school quality, rather than student ability, as black students may have lower access to test preparation and AP/IB coursework. Overall, our results suggest that the effects of college readiness measures are similar for whites and Hispanics but different for black students in ways that are problematic for race-neutral admissions processes. These results suggest that the differential admissions process used in affirmative action would enable a more accurate assessment of student potential for success than a process based on a single set of objective criteria applied across racial groups. For example, test scores appear to be more predictive of college success for blacks than white students, while advanced coursework is a better predictor for whites than black students. Table 7 reports results by two family income brackets. "Middle income" reflects family income from $40-$80k, "high income" reflects family income over $80k, and the omitted comparison group has income under $40k. Similar to the race/ethnicity results from Table 6 , specifications with income indicators show a stronger association between income and SAT/ACT than the other two readiness measures. Coefficients for SAT/ACT and exit exams are robust to the inclusion of income dummies. The only significant interaction terms for these two measures are negative, significant effects of the interaction between high-income and the exit exam on both freshman GPA and graduation. Thus, exit exams have a stronger association with college outcomes for students from lower income brackets, while SAT/ACT and advanced coursework provide similar information across income groups.
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The significant interaction between college readiness measures and student demographics in the prediction of college outcomes suggests that while college readiness measures provide additional information, the information is not the same for all students. Admissions processes that apply a single criterion for all students are likely to have differential effects on students from different demographic groups. Thus the efficiency gained through use of these criteria will depend on the distribution of students. For example, a criterion based on SAT scores would have a smaller expected effect on college GPAs for a group of white students than a group of black students, because SAT scores are more predictive of GPA for black students. The implication for admissions policy is that adding objective criteria will influence both the demographics of admitted college students and the average relationship between college readiness and outcomes.
Next, we test this expectation by simulating admissions under objective criteria in Texas.
Simulated Admissions with New Objective Criteria
The results above suggest that admissions criteria based on college readiness measures have the potential to improve college outcomes, but with potentially problematic effects on equity. Because our analytical sample was selected strictly on top 10% class rank, we can simulate the equity effects of automatic admissions with alternative admissions rules. 22 The influence of college readiness measures on college performance may also vary across students based on the level of college preparation offered through their peer group and high school. We estimate these effects by considering differential effects for students from high schools with above median rates of free/reduced lunch status and differential effects for above median rate of college enrollment. We find that both SAT/ACT and exit exams have a stronger association with college performance for students from low SES high schools and, for exit exams only, students from high schools with low college-enrollment rates. We also examine whether these results apply to all university types by including an interaction term for college readiness and attendance at a state flagship university (versus lower-tier selective state universities). We find no significant interactions by university type, which suggests that the effect of college readiness measures is similar across university selectivity despite differences in average levels of student readiness at flagship campuses. These results are available upon request.
We begin with our full sample of 22,095 freshmen from the top 10% who enrolled at selective four-year public universities. For these students, we simulate new rules based on objective cut points for SAT/ACT scores, high school exit exams, and AP/IB courses completed.
We then observe changes in average college outcomes and student demographics due to the exclusion of students who do not meet each criterion. We test several plausible admissions criteria that could be added to the Top 10% Plan. These additions would make Texas's policy similar to the other states listed in Table 1 These improvements in student outcomes come with a significant trade-off in the number of students who would be automatically admitted under the new admission rules, as well as dramatic shifts in student demographics. The estimated changes in the size and demographic composition of automatically admitted freshmen are shown in Table 9 . Requiring above average SAT/ACT scores would eliminate automatic admissions eligibility for 19 percent of students, and the higher SAT/ACT criteria would eliminate eligibility for 40 percent of the sample. In contrast, requiring above average exit exams would reduce the sample by only 3 percent, and the higher exit exam cutoff would reduce the sample by 15 percent. Requiring more than four AP/IB semesters would reduce the sample by 23 percent. The effects are somewhat smaller at the two flagship universities (results shown in Table 10 ), because flagship students have higher average college readiness.
Of course, the reduction in the number of automatically admitted students could be advantageous for admissions by opening up slots for otherwise highly qualified students with lower class rank. In Texas and other states, slots not filled through automatic admissions are distributed through a more traditional, holistic admissions process. However, the majority of minority students on Texas flagship campuses enter through automatic admissions, rather than the traditional admissions process, and minorities have lower average college readiness measures. Added to new constitutional restrictions on race-based admissions, it unlikely that any new admissions process would be explicitly race-based. Therefore, the implications of automatic admissions rules for the demographic composition of the freshman class are quite important.
Even though new slots will be open for the discretion of admissions counselors, they are unlikely to be disproportionately filled by minority students.
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The disaggregated results in Tables 9 and 10 suggest that our simulated admission rules have substantially different effects by race/ethnicity, family income, and high school quality.
Compared to modest gains in freshman GPA and graduation rates, these simulated admission rules have dramatic effects on equity and access. For example, requiring above average SAT/ACT eliminates only 8 percent of white students, 10 percent of Asian students, and 7 percent of high-income students from eligibility, while eliminating 40 percent of Hispanics, 49 percent of blacks, and 36 percent of low-income students. Requiring the higher SAT/ACT cutoff would increase four-year graduation by 8 percentage points, but would also eliminate 69 percent of Hispanics, 73 percent of blacks, and 62 percent of low-income students from eligibility for automatic admissions. SAT/ACT-based criteria also dramatically reduce representation by 23 The lack of a statistical advantage for minorities in UT Austin's holistic admissions process is documented in the U.S. Appeals Court decision in Fisher v. University of Texas (2014) . Judge Higginbotham notes in his ruling that very few minorities were admitted outside the top 10%, despite the use of race as a component of decisions. The process was upheld as legal use of race in admissions because it maintains the university's capacity to admit minority students below the top 10%.
students from low-quality high schools. Requiring above average SAT/ACT scores would eliminate only five percent of students from high SES high schools, but 53 percent of students from low SES high schools. High schools in the lowest quartile statewide for college-entry rates of graduates sent only 129 students to Texas selective universities through automatic admissions in 2008 and 2009. Requiring above average SAT/ACT score would have eliminated 36 percent of these students, compared to only 10 percent of a much larger sample of students from high schools with high college-entry rates.
Simulated admissions rules based on the state exit exams have smaller equity effects than those based on SAT/ACT scores. Requiring above average exit exam scores reduces minority enrollment more than whites, but Hispanic enrollment is reduced by only 6 percent (compared to 40 percent for above average SAT/ACT), black enrollment by 13 percent (compared to 49 percent), and low-income enrollment by 7 percent (compared to 36 percent). Hence, using the state standardized tests for admissions instead of SAT/ACT scores is a remarkable improvement for equity and access, with only a marginal loss in college outcome gains. Admissions criteria based on high school exit exams also have a smaller negative effect on students from low SES and low college-entry high schools than criteria based on SAT/ACT scores.
Our simulated admissions rule based on AP/IB coursework has a larger effect on the number of eligible students than high school exit exams; however, the effect is more equitably distributed across race and ethnicity. Requiring AP/IB courses is the only admissions rule that would reduce white student enrollment equally with minorities. The AP/IB coursework requirement also has the most equitable effect across income groups. In relation to high school quality, however, students at high schools with low college enrollment are far more likely to exit eligibility for automatic admission when AP/IB coursework is required than students from high schools with high college enrollment.
Sensitivity to equity in admissions policies is most salient at Texas flagship universities, which have been the subject of multiple court cases questioning the constitutionality of raceconscious admission. Table 10 illustrates the effects of simulated admissions rules at the two flagship campuses. The results are similar to all top 10% universities. Adding SAT/ACT requirements would severely reduce enrollment by black and Hispanic students through automatic admissions. The more stringent SAT/ACT criteria would eliminate 75 percent of students from low SES high schools, and 65 percent of students from low college-entry high schools. Admissions rules based on exit exams have a smaller effect, but also differentially harm low-income, black, and Hispanic students, and students from low-quality high schools.
Discussion and Policy Implications
National and state policy environments are increasingly unfriendly to race-conscious admissions policies. The Supreme Court has limited public universities to a narrow use of race as a component of admissions decisions, and voters have outlawed even this minimal application of race in several states. As a replacement, many states are seeking more objective admissions criteria. Objective criteria have the benefit of being more transparent than holistic admissions processes, reducing both the perception of racial preference and the complexity and cost of admissions. It is challenging to identify the effects of admissions criteria on college outcomes, because we only observe college outcomes for students who are granted admissions and enroll, which is clearly endogenous to the criteria set for admissions.
Texas's top 10% policy is remarkable both for its policy simplicity and because it generates a sample of college students who enroll in selective and elite flagship universities 30 without selection on criteria typically applied in selective admissions. With this sample, we are able to improve upon prior estimation of the relationship between college readiness measures and college outcomes. In addition, the fact that Texas top 10% students can select their campus allows us to better control for selection into campus attended. If class rank provided perfect information about college success, we would find no remaining relationship between college readiness measures and college outcomes among these students. Instead, we find that college entrance exams, high school exit exams, and college coursework are all associated with college success. For public universities, this suggests that additional admissions criteria other than class rank may lead to selection of a more successful group of incoming freshman.
However, turning to the question of equity, we also find that college readiness measures, and entrance exams in particular, are not equally predictive of college outcomes for black and white students. The potential racial bias of SAT/ACTs is well documented and suggests that average scores for minorities are lower due to factors that are not associated with college success (Rothstein, 2004) . We find here that even among students in the top decile of high school performance, test-based measures are more strongly predictive of college performance for black students. It is likely that white students in Texas and beyond have better access to test preparation, which, by design, weakens the association between ability and performance by teaching students how to improve their scores with no meaningful gains in actual college readiness. Thus, the use of these criteria in race-blind admissions might inadvertently introduce inequity. Affirmative action admissions policies can accommodate different relationships between measures and outcomes across racial and ethnic groups by applying different standards.
However, these accommodations, which are supported by the results here, are no longer legal in public university admissions.
This study informs admissions policy in two ways. First, we directly test the implications of the design of automatic admissions policies on diversity and student outcomes. We find that
Texas's simple percent plan does improve over policies that add additional objective criteria.
Although there is still a lingering relationship between college readiness and college outcomes, simulated policies with additional criteria have a profound negative effect on diversity and equitable access, with a smaller positive effect on average outcomes. Any criteria-based admissions standard will have the largest effect on the marginal student near the selected cutpoint. With minorities scoring, on average, lower than whites, it is inevitable that minorities are more likely to be affected by cut-points than whites. We find that this also holds for low-SES students and students from lower quality high schools, based on measures of a high school's focus on college readiness. The magnitude of these effects varies with the criterion selected, with simulated SAT/ACT-based criteria triggering larger equity effects than those based on high school exit exams and AP/IB coursework. Although we simulate policy effects in a state with a percent plan based automatic admissions policies, the results have implications in other settings as well.
Importantly, the equity effects of Texas's Top 10% Plan are dependent on a highly segregated public school system (Fisher v. University of Texas, 2014). If minorities and low-SES students were equitably represented in high quality schools, they might have difficulty cracking the top 10% to obtain college admissions. Thus, the general effectiveness of percent plans will vary in states with greater racial and economic integration in public high schools. However, the results regarding test scores and coursework are likely to stand up across all contexts where minorities and low-SES students have less access to test preparation and advanced coursework, which is common across the country. Our results suggest that these measures can predict college 32 outcomes among students who achieve a high class rank, but with differential effects by race and ethnicity. Applying the same SAT/ACT score criteria to a black and a white student may be inappropriate given these differential effects. However, applying differential criteria is now illegal for state universities; making percent plans a more attractive solution. Our results suggest that the fewer "objective" criteria that are used in admissions, the less inequity will be introduced. In the case of Texas, efficiency gains from adding criteria come at a very high cost of dramatic reductions in equity. Admissions officers should use caution in applying minimum standards across the board when diversity continues to be a goal of admissions. (1)- (6) include fixed effects for departmental major and university. **, * indicates statistical significance at the 1% and 5% level, respectively. Notes: Standard errors are shown in parentheses. Standard errors are robust to clustering within high school attended. Firststage estimations predict university enrolled with the distance from the student's high school campus to 36 public 4-year universities. All specifications include fixed effects for college major. **, * indicates statistical significance at the 1% and 5% level, respectively.
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